[Abstract] Natural competence can be activated in Lactoccocus lactis subsp lactis and cremoris upon overexpression of ComX, a master regulator of bacterial competence. Herein, we demonstrate a method to activate bacterial competence by regulating the expression of the comX gene by using a nisininducible promoter in an L. lactis strain harboring either a chromosomal or plasmid-encoded copy of nisRK. Addition of moderate concentrations of the inducer nisin resulted in concomitant moderate levels of ComX, which led to an optimal transformation rate (1.0 x 10 -6 transformants/total cell number/g plasmid DNA). Here, a detailed description of the optimized protocol for competence induction is presented.
transformants/total cell number/g plasmid DNA) were observed upon moderate levels of induction (0.03 ng/ml nisin) (Mulder et al., 2017) . Moreover, we also demonstrated that applying the same strategy worked for a nisRK derivative of L. lactis subsp. lactis IL1403, whereas competence induction in L. lactis subsp. cremoris KW2 required prior transformation of the strain with pNZ9531 that expresses nisRK (Kleerebezem et al., 1997a) to allow nisin induced expression of comX. In order to assess whether other L. lactis strains can become naturally competent, we hereby provide a method containing all details of the competence protocol as described previously (Mulder et al., 2017) 8. Semi-micro cuvettes for 1 ml (for optical density measurements)
9. Bacterial strains: L. lactis strain of interest with a complete set of competence genes, L. lactis harboring pNZ6200 (Mulder et al., 2017) , pNZ6202 (Mulder et al., 2017) , and pNZ9531 (Kleerebezem et al., 1997a) 10. M17 broth (M17) and M17 agar (M17A) 1. Prepare 1 L of the electro competence growth medium GSGM17, 500 ml washing solution 1 and 500 ml washing solution 2 (see Recipes).
2. Culture L. lactis initially overnight in 10 ml GM17 in a 12 ml Cell Culture Tube, incubate at 30 °C without shaking.
3. The next day, inoculate 5 ml culture into 50 ml GSGM17 and incubate cells overnight at 30 °C, without shaking.
4. Dilute the overnight culture 1:8 in GSGM17 if the overnight culture reached an OD600 of ≥ 0.7 and grow the culture to an OD600 of 0.2-0.3. 2. Culture L. lactis harboring pNZ6200 and pNZ9531 separately in 10 ml GCDM supplemented with the appropriate antibiotics ( Table 1) .
3. Prepare a 50 ml CELLSTAR ® Polypropylene Tube containing 50 ml GCDM.
4. Incubate cells and the 50 ml CELLSTAR ® Polypropylene Tube containing 50 ml GCDM at 30 °C overnight in an incubation stove without shaking.
The next day, add chloramphenicol and erythromycin to the 50 ml CELLSTAR ® Polypropylene
Tube with 50 ml GCDM.
6. Add 1 ml of the GCDM in a semi-micro cuvette (= blank sample) by measuring optical density at OD600. 12. Prepare calculations and recovery medium (see Recipes, 5 ml recovery medium per transformation).
13. Transfer 10 ml of cell culture at OD600 of 0.3 into a 12 ml sterile tube.
14. Repeat this step to obtain a total of 3 aliquoted cultures.
Note: These cultures will be used for the later steps involving the induction of comX expression with 0 ng/ml (negative control), 0.03 ng/ml (optimal) and 2 ng/ml (fully induced) nisin.
15. Subsequently, prepare the fresh nisin dilutions by using either NisinA ® P Ultrapure Nisin A or nisin from Lactococcus lactis 2.5% (Sigma-Aldrich, 2.5% nisin).
16. Prepare nisin dilutions in glass-tubes by using distilled water containing 0.05% glacial acetic acid in order to increase the stability of the nisin solutions. 
Note: It is likely that other compatible plasmids can also be used to assess transformation efficiencies.
21. Mix by inverting the tube.
22. Incubate at 30 °C for 2 h in a water bath without shaking. Figure   2 ). 23. Pipet 100 µl of each sample into a semi-micro cuvette containing 900 µl GM17 and measure the OD600 of the sample or perform a total cell count.
Note: Longer incubation with nisin does not lead to increased transformation rates (see

Note: Take 1 ml of GM17 as a new blank.
24. Add the remaining 500 µl in the 5 ml recovery medium in a 15 ml tube and incubate for another 2 h at 30 °C in a water bath non-shaking.
Note: When transforming a plasmid or PCR product that contains a resistance gene against bacteriostatic antibiotics, this recovery step is not necessary.
25. Add 250 µl of the culture in a semi-micro cuvette containing 750 µl GM17 to measure OD600 or perform a total cell count.
26. Pellet the rest of the culture in the 15 ml CELLSTAR ® Polypropylene Tube by centrifugation at 4,000 x g for 10 min.
27. Discard supernatant, leave 100 µl medium onto the pellet, resuspend and plate all cells on GM17A (M17 agar supplemented with 2% glucose) with appropriate antibiotics.
28. Keep the plates in the incubation stove at 30 °C for 2 to 3 days.
29. Calculate the transformation rate as (transformants/total cell number after induction/µg plasmid DNA).
Data analysis
1. Sequence similarity of competence proteins from the strain of interest to query sequences BlastP analysis should be performed in order to assess the completeness of the competence system in the strain of interest by comparing its competence protein sequences to the query sequences from either L. lactis subsp. lactis KF147 or L. lactis subsp. cremoris KW2 (Appendix 1; 2; 3). As previously described, a virtually full-length alignment (> 90%) of the subject sequence to the query sequence is considered indicative of gene presence (Mulder et al., 2017) .
Commonly, e-values of 10 -5 indicate significant alignments. If desired, genetic events leading to decay of competence genes can be further analyzed by bioinformatics software such as Clone Manager suite.
Calculation of transformation rates
At least three replicates should be included in each experiment in order to calculate the average transformation rate of a nisin-induced L. lactis strain. Transformation rates can be shown either in tables or (in case of multiple time points) in a graph as depicted in Figure 1 by using Graphpad Prism or any other software. 4. The analogous alternative plasmid for pNZ9531, pNZ9530, can likely also be used to obtain a nisRK + strain. In fact, it is expected that a tighter control of nisRK expression can be achieved when using pNZ9530 (Kleerebezem et al., 1997a) . antibiotics. For L. lactis KF147 harboring pNZ6200, we were able to obtain similar transformation rates (1.5 x 10 -6 ± 4.0 x 10 -7 transformants/total cell number after induction/µg plasmid DNA) as reported previously (Mulder et al., 2017) . Integration of linear DNA fragments harboring an antibiotic resistance marker flanked by homologous regions can also be performed by using this protocol. For L. lactis KF147 harboring pNZ6200 natural transformation rates are typically similar to those obtained with pNZ6202 (Mulder et al., 2017) . 
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Copyright © 2018 The Authors; exclusive licensee Bio-protocol LLC.
13
www.bio-protocol.org/e2922 Add up to 500 ml with RO (reversed osmosis) water
Adjust the pH to 6.8
Filter sterilize 500 ml in a sterile 500 ml bottle Inosine 500
Orotic acid 500
Pyridoxamine-HCl 500
Thymidine 500
D-biotin 250
6,8-thioctic acid 250
Pyridoxine-HCl 200
Folic acid 100
Nicotinic acid 100
Ca-(D+)pantothenate 100
Riboflavin 100
Thiamin-HCl 100
Vitamin B12 100
Increase the pH until all components are dissolved. Afterwards, adjust the pH to 7.0 Aliquot into 6 ml tubes and store at -20 °C
